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Power generation through microbial fuel cell (MFC) is a promising and efficient alternative in the current global energy 
crisis. In the present investigation, same idea is used for electricity production utilizing Distillery wastewater, vermicompost 
and Escherichia coli. Experimental results showed that MFC using distillery wastewater gave highest electrical output of 
699 mV after 60 h of operation while the cell using vermicompost worked inadequately as it generated electricity upto 131 
mV only. On the other hand, E. coli functioned moderately with a maximum output of 456 mV. The operating parameters 
like pH, oxygen flow rate and substrate concentration were optimized in the MFC consisting of batch anode solution and 
continuous mode of cathode operation. 
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Introduction 
Wastewater treatment industries use enormous 
amount of energy to reduce pollution load of effluent. 
Microbial fuel cell (MFC) is a promising technology 
for power generation from organic wastes such as 
distillery effluent (low pH, very high COD, BOD, 
inorganic solids and dark brown colour). MFC is an 
effective bio-electrochemical system that uses the 
natural metabolism of microbes to generate 
electricity. 1 
MFC consists of two parts: aerobic cathode 
(positively charged) and anaerobic anode (negatively 
charged). The anaerobic bacteria present in anode 
consume organic waste to release carbon dioxide, 
protons and electrons.2 Generally electrons require 
mediators to get released from the microbial cell and 
to arrive at anode. These type of MFCs are known as 
mediator-based MFCs. Semi permeable membrane 
(SPM) is required for dual purposes: firstly to prevent 
the oxygen transfer to anode and secondly to transfer 
of protons from anode to cathode but SPM is not cost 
effective, hence salt bridge was used as an substitute 
for these function in the present study.2 
The present study demonstrates performance of 
separate MFCs based on each distillery effluent, 
vermicompost and E. coli. The relative performance 
of MFCs was observed and simultaneously the 
optimization of various process parameters was 
carried out to improve the effectiveness of MFCs. 
Materials and Methods 
Vermicompost based MFC 
0.5 kg Vermicompost was mixed with water in a 
1.5 L vessel. After an interval of 2 h, sugar solution 
(0.1%) was added slowly to vermicompost solution 
which acts as a source of food for microbial growth. 
Aluminium electrodes were used in both the 
chambers. MFC is designed according to Singh et al.3. 
Distillery Wastewater based MFC 
The wastewater sample was collected from 
Symbhaoli distillery, Gajraulla, (U.P) India. Mixed 
bacterial strains were present in the collected sample. 
Experimental set up for MFC was designed with 
similar approach but in place of compost, distillery 
wastewater was added to anode. After 16 h of the 
experiment, constant value of cell voltage has been 
achieved. Then sugar solution was added to accelerate 
the bacterial growth. Observations of electrical output 
were recorded at different time intervals. 
E. coli based MFC
Nutrient broth (500 ml) under aerobic conditions at
25C with incubation of 24 h was used for the 
preparation of the culture of E. coli. To adjust E. coli 
in anaerobic condition, the culture was carefully 








setup, sugar solution was not required for bacterial 
growth since nutrient broth is capable for the same. 
Observations of electrical output were recorded at 
different time intervals. 
 
Analytical Methods  
pH of all the three wastewater sample was recorded 
using pH meter (model PR 8404) consisting of 
combined glass electrode.TDS measurement was 
done with the help of Ionix Digital TDS meter. BOD 
calculation of the samples was carried out by using 
Wrinkler’s method after 5 days of incubation at 27C. 
COD was calculated by reflux and titrimetric method. 
Other parameters, were measured according to 
Swamy et al.4 
 
Electrical Parameters and Measurements 
The current voltage generated during the 
experiments was measured using digital multimeter 
(T-33). The readings were taken after every 2h 
interval and were recorded for a maximum of 60h. 
 
Results and Discussion 
Physicochemical parameters viz., pH, TS, TSS, 
TDS, BOD, COD, etc. of distillery wastewater were 
measured and the readings are reported in Table 1. 
For the construction of MFC, this effluent was 
effectively used. To check the performance, MFCs 
were constantly observed and the observations were 
noted after every 4 hr. Significant increase in the cell 
potential was noticed on re-adding sugar solution 
after 16 h in the anodic chamber containing 
wastewater. On the other hand, vermicompost based 
MFC functioned disappointingly even after 10 h. 
Therefore sugar solution had to be added in every 2 
h interval, which enhanced the cell potential by 
nearly 20 mV. This increment in cell potential did 
not last for long as only after few minutes it 
decreased again to its prior value. Addition of salt in 
the cathodic chamber of every sample augmented the 
cell potential due to enhance in conductivity of the 
cathode. The maximum voltage of 699 mV was 
attained in distillery wastewater based MFC, 
whereas it was recorded 456 and 131 mV in E.coli 
and vermicompost based MFCs, respectively. 
The change in cell voltage against time is shown in 
Fig. 1a. The result evidently shows that distillery 
wastewater is effective for power generation due to 
presence of numerous bacteria as compared to any 
other sample. Initially the current showed increment 
in case of E. coli and that is due to the presence of 
active population of single strain bacteria. These 
bacteria have a tendency to quickly utilize easily 
degradable organic waste present in effluent but when 
these easily degradable substrates were consumed, the 
resultant current outputs began to drop. In the 
meantime, complex components were also degraded 
which was reflected in terms of lower current. In case 
of distillery effluent the output of current increases 
with time.  This observation can be attributed to the 
presence of mixed strains of bacteria and fungi in 
distillery wastewater, which could be dormant 
initially but picked up the growth under the current 
experimental conditions. The additional characteristic 
of this mixed strain of microbes was the capacity of 
degrading simple as well as complex components of 
effluent which enhanced the current output with 




Fig. 1a — Study of cell voltage versus time for different samples 
 
 
Fig. 1b — Effect of Changes in oxygen flow rate on voltage
generation 
 




Factors Affecting Power Generation 
 
Effect of Oxygen Flow Rate on Power Generation 
During the working of MFC, effect of oxygen flow 
rate on voltage generation was studied at various 
oxygen flow rates (15 to 60 mL/min). With the 
increase in oxygen flow rate, voltage production 
ranged between 726–2000 mV (Fig.1b). These results 
demonstrate that voltage production was enhanced as 
the oxygen flow rate was raised and attained the 
maximum of around 2000 mV at oxygen flow rate of 
45 mL/min before showing decrement later.5 
 
Effect of pH on Voltage Generation 
pH is one of the important factor influencing the 
activity of microbes. At optimum pH, microbes show 
highest growth and development. As indicated in  
Fig. 2a, highest voltage was observed at pH 8.5. The 
results emphasized that activities of microbes was 
minimum at pH ≤ 6 which could be due to the 
neutralization of proteins or active sites at lower pH.6 
 
Effect of Substrate Concentration on Power Generation 
Increase in power generation was reported with the 
increase in the concentration of substrate (Fig.2b). 
Increment in voltage was observed upto 7% with the 
addition of substrate and it declined afterwards due to 
the decline in the activity of the microbes.7 
Pollution Load Reduction 
During the operation of MFC’s with wastewater, 
minor increase in pH waste was recorded with 
enormous decline in TSS. Colour of the effluent also 
reduced after treatment. TDS readings also showed 
the increase due to increase in number of microbes. 
99.1% COD, 99% BOD and 86.5% TSS were reduced 
after operation of MFCs with distillery effluent. The 
electricity production is very low except with 
distillery wastewater since the effluent has the mixed 
strains of bacteria and fungi which have a capacity of 
decomposing simple and complex components of the 
waste (Table 1, Fig 3).8 
 
Conclusions 
The present research undoubtedly showed that 
distillery wastewater generated much more potential 
than other samples (vermicompost, E.coli). The 
similar methodology was also capable to diminish the 
pollutants (in terms of BOD, COD, TSS and colour). 
The different process parameters such as pH, 
substrate concentration, oxygen flow rate and 
temperature of surroundings played a key role in 
enhancing the cell potential.  
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Fig. 3 — Reduction of pollutant load in distillery effluent after 
treatment in MFC  
 
Table1 — Physicochemical analysis of Distillery effluent 
Parameters Spent wash Before 
treatment 
Spent wash After 
treatment 
Colour Dark Brown Transparent 
Odour Unpleasant Pleasant 
Total Dissolved Solid 38,200 (±7.85) 1,20,789 
Total Suspended solid 4200± (5.35) 567 
COD 45,164 (±946.48) 450 
BOD 32300 (±16.83) 268 
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